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ABSTRACT 
The engineering internship is designed to expose the final year student to the real world of 
engineering. This is done over a period of workplace employment in an area of relevant focus. The 
internship placement was undertaken at Motherwell Automation; a firm based in Perth, Western 
Australia. Motherwell specialise in the design and supply of industrial control systems. The affect 
and direction of staff within the company was absolutely pivotal to the success of the experience. 
Guidance was given on many aspects and focussed around a main project which was the Teras 
Barge Pumping System. 
The Teras barge is permanently moored at Barrow Island primarily to supply a construction site 
with fresh water. Currently the water is pumped from the barge to standpipes on land, and this 
task is handled by construction personnel who operate the existing pumps and pipe work 
manually. The internship project was to fully automate this operation. The solution is a solar 
powered PLC installation, designed to sit on the barge in a suitable enclosure. This controller will 
operate the pumps relative to a pressure reading from the pipes supplying the standpipes. This 
solution was derived for our client Theiss, to assist with their construction efforts on the Gorgon 
project for Chevron. 
The full design and construction phases were completed successfully. At the time of publication, 
the built system is located in the Motherwell workshop awaiting Factory Acceptance Testing (FAT) 
with the client representative. Once approved, the system will be transported to site where it will 
be installed and commissioned by Motherwell staff. 
Although the project is not fully complete, it has still allowed for suitable experience in 
engineering style problem solving in a real-world work environment. The theory for the whole 
internship has been fulfilled with the realisation of personal and work related goals. 
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1 INTRODUCTION 
Seeing as the internship is more about the experience of being an engineer than the technical 
detail involved in the actual work, the report is focused mainly on the particular perspectives 
gained while working during the internship. As opposed to delving into intense depth of detail for 
every consideration made during the project, this dissertation focuses more on the overall 
objectives of the placement and how these were accomplished. 
Immediately following this introduction, the second chapter provides background information to 
thoroughly introduce the project; it covers the main motivation that comes from the internship 
placement itself. Personal goals are also expressed at this point to indicate the personal relevance 
of the internship. A brief introduction to Motherwell is provided to affirm the context of the work 
environment within an engineering company. From this point, the project derivation is explored, 
noting how and why the specific project was chosen to be undertaken by the intern. 
Chapter 3 gives a thorough description of the project itself. The scope of works is defined to show 
precisely what is included in the project. How this was contained is explored to show how the final 
work was derived from internal project documentation and correspondence with the client, 
Thiess. The design requirements follow from this point. These give the full detail on the 
deliverables for the project: What was expected to be involved completing this project. All 
schematics and parameters are reviewed, including modes of operation, the control approach and 
code development, also included is the hardware procurement and the physical build, all viewed 
through various constraints. 
The execution chapter is the final in the main body. This chapter details the physical execution of 
the design specified in the preceding chapter. This covers exactly what was done to complete the 
project: Included are any main points worth noting and any changes to the proposed works that 
happened along the way. This chapter is broken down into four main parts to describe the main 
activity undertaken. The first section explores the intern’s very early work to become familiar with 
the placement requirements and surroundings. The second section details the derivation of the 
control system and its required code development. The third section explains the process of 
procuring hardware for this project and how this was mainly leveraged off an existing quote and 
purchase order. The final section describes the physical build and lessons learnt in the workshop. 
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The final chapter forms the conclusion of the whole report and details the final deductions of the 
internship experience. A summary of the main body points is offered, along with some process 
improvements to be considered alongside the work that was complete. This chapter ends with an 
overall evaluation, which returns to the theme of the whole report and work placement, declaring 
the whole experience a success of beneficial insight. 
Included at the end of this introduction are various tables of information listed for convenience as 
they are used throughout the text of this thesis: Acronyms, symbols, a glossary and list of relevant 
internal Motherwell documents. 
TABLE 1: ACRONYMS 
Acronym Description 
AI Analogue Input 
AKA Also Known As 
AO Analogue Output 
CAD Computer Aided Design 
DI Digital Input 
DI Digital Output 
GSM Global System for Mobile Communications 
HMI Human Machine Interface 
ICE Instrumentation and Control Engineering 
ICSE Industrial Computer Systems Engineering 
I/O Inputs and Outputs 
LAD Ladder Logic 
MV Manipulated Variable 
PID Proportional Integral Derivative 
P&ID Piping and Instrumentation Diagram 
PAC Programmable Automation Controller 
PFD Process Flow Diagram 
PLC Programmable Logic Controller 
RO Relay Output 
SCADA Supervisory Control And Data Acquisition 
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SEE School of Engineering and Energy 
SMS Short Message Service 
VSD Variable Speed Drive 
 
TABLE 2: SYMBOLS 
Symbol Description 
m Metres (length) 
mA Milli Amperes (current) 
kPa Kilo Pascals (pressure) 
kW Kilo Watts (energy) 
V Volts (volts) 
W Watts (energy) 
 
TABLE 3: GLOSSARY 
Term Definition 
Ballast Any heavy material carried temporarily or permanently in a vessel to provide 
desired draft and stability1. The Teras barge uses water as its ballast which is them 
moved around various tanks below deck to facilitate this stabilisation process 
Componentry The components of a machine, vehicle, stereo system, etc2 
Genset AKA a portable generator, this is a prime mover that drives a generator which 
produces electricity 
P2 Port tank No. 2 on Teras barge 
S2 Starboard tank No. 2 on Teras barge 
Setpoint The desired value in a closed-loop feedback system3 
Spigot The end of a pipe that enters the enlarged end of another pipe to form a joint4 
Standpipe A vertical pipe or nozzle, approx 150 mm diameter, from which water is delivered 
into tanker trucks 
Wet Season In the tropics, the northern part of Australia, Summer is the wet season with 
several tropical thunderstorms and cyclones 
1, 2, 3 & 4 (Dictionary.com 2011) 
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TABLE 4: INTERNAL MOTHERWELL RELEVANT DOCUMENTATION 
Relevant Documentation Description 
Control Philosophy Motherwell internal document written to outline the requirements 
of the client in terms of broad operational objectives – reviewed and 
approved by client 
External Quote Formal quote provided by Motherwell to client detailing all forecast 
costs to be associated for requested work 
Purchase Order Formal request by client for works to be carried out by Motherwell 
FAT Document Factory Acceptance Test Document – outlines the testing procedure 
to ensure built equipment functions as required 
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2 BACKGROUND 
To provide appropriate bedding to the project analysis that follows in the main body of this report, 
the following sections provide a selection of key background points. 
2.1 GOALS 
It is most important to set markers in any endeavour to instil the right structure for feedback. 
Several goals became evident through the initial stages of the internship placement, these are 
discussed below. Follow-up on these objectives is provided in the fifth chapter entitled Evaluation. 
2.1.1 INTERNSHIP THEORY 
The core idea of the internship, as detailed in the Unit Guide, is to ‘provide work experience within 
a professional engineering context.’ The student intern should ‘achieve valuable workplace 
experience’ that will ultimately improve their employment prospects. It is offered as an option to 
selected final year students as an alternative to full time on-campus research (School of 
Engineering and Energy 2011). 
2.1.2 INTERNSHIP GOALS 
Since the main aim of the internship placement is to provide relevant work experience to the 
student, this has become the main objective of the overall placement. The internship objectives 
are listed below and then followed by the main assessment criteria, as referenced from the unit 
guide (School of Engineering and Energy 2011). 
 To be able to undertake work experience under the direction of a person experienced in 
the workplace. 
 To gain practical experience in the application of an engineering approach to problem 
solving in the workplace. 
 To be able to present the result of the work experience through both verbal and written 
presentation. 
Project Assessment 
Assessment of the project is done by the academic supervisor. The overall criteria are based on 
three main areas: initiative, originality and diligence. More detail for each area can be found in the 
Unit Guide.  
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2.1.3 PERSONAL GOALS 
It is a personal ambition of the intern to explore the host company and its inner workings from a 
commercial perspective; in terms of organisational behaviour. Companies differ greatly in size and 
composition, and with these differences come natural variations in operability, culture and most 
importantly, the day-to-day engineering that transpires as a result. It is of major concern to the 
intern that this distinction be investigated during the work placement. 
2.2 COMPANY INFORMATION 
Motherwell offer products and services tailored to the field of industrial automation. They 
specialise in the design and installation of information technology, process control and automation 
systems. These offerings are widely applicable in various industries, as listed in Table 5 below. The 
company is an approved vendor of many different suites of hardware that cover many different 
process control and power installations. They also offer relevant consultancy services like design 
and project management to compliment the hardware supplied (Motherwell Automation 2011). 
This wide range of different capabilities translates into a corresponding range of potential work 
opportunities and exposure for the visiting student. This is ideal for the intern whose main concern 
is gaining experience. Motherwell’s main area of expertise also coincides with the Industrial 
Computer Systems Engineering (ICSE) major offered by the School of Engineering and Energy at 
Murdoch University. Motherwell is therefore an ideal company for an internship of this particular 
major stream. 
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TABLE 5: INDUSTRY SECTORS SERVICED BY MOTHERWELL 
Industry Sectors 
Mining 
Mineral Processing 
Oil and Gas  
Power and Utilities  
Communications 
Water and Waste Water  
Materials and Bulk Handling  
Power and Utilities  
Communications 
Marine 
Food and Beverage 
2.3 PROJECT DERIVATION 
The following describes how the project scope was derived, with full detail on the project being 
provided in the following chapter. 
The first task of the work placement was to derive the main project to be undertaken. Defining the 
scope for the project in this situation required more consideration than might be necessary if the 
project were just being completed normally. At this early stage of project derivation, the staff at 
Motherwell were absolutely crucial in assisting the intern to determine precisely what was 
included in the project scope. The determined work needed to be relevant and achievable in a 
timely manner. 
A project scope was given, yet this needed to be updated to reflect more recent client 
commentary. This scope originated from the Control Philosophy document (see Table 4), which 
offers broad operational objectives. The Control Philosophy document does not go into detail to 
describe the inner workings of the project deliverables. This presented itself as an opportunity for 
the intern to investigate the finer detail required to complete the assignment and implement the 
original work as required. 
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Another element supplied to steer the course of this project was the formal quote as provided to 
the client from Motherwell. This quote listed all the hardware required to build the controls for 
the fresh water pumping system and included the usual provisions for programming and project 
management. This quote was accepted by the client as it became the foundation for a purchase 
order returned to Motherwell formally requesting that the project be built as described in these 
two previous documents.  
With the framework of the project now complete, the intern set about devising the details of the 
project. Any other information needed to complete the project was investigated as required, in 
consultation with previous Motherwell/Thiess correspondence, with assistance from Motherwell 
staff and regular field assessment with the client. 
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3 PROJECT DESCRIPTION 
To provide a detailed background to the project, the following section offers the full scope, control 
philosophy and design requirements. The project aim was to design and implement a fully 
automated control system for pumps on the Teras Barge. These pumps will supply fresh water to 
Barrow Island for construction purposes. The water will be transported from storage tanks on the 
barge to standpipes on land via existing pipe work. Although this overall outcome was known from 
the Control Philosophy document, there was no technical function description given to describe 
precisely how these outcomes where to be achieved. This was however determined by the intern 
in consultation with Motherwell staff, a process which proved to be of considerable relevance 
within the internship placement itself. 
3.1 SCOPE 
This section defines the breadth of the project, detailing exactly what is included in the scope of 
work. The resultant scope was one that incrementally changed over the time of the internship 
placement. What is discussed immediately below is the final derived project scope. 
The project scope was to design and build a control system to automate the water pumping on the 
Teras barge. This would involve automating the process of supplying fresh (potable) water to the 
construction site on Barrow Island. This request was supplied directly by the client. The other 
client-specified requirements were for the provision of manual operation mode and to display 
pump status information on the controller HMI screen. 
The project for the intern was to design, develop and function test the technical aspects for the 
pumping system. Based on the information available at the beginning of the internship placement, 
it was conservatively estimated that this project would take approximately six weeks. As more 
detail became available and the project developed through its construction stages, it became 
apparent that this time frame would not suffice. Evaluation of this extension will be in the 
conclusion section of this report. 
3.2 DETAILS 
The project scope was mainly derived from the Control Philosophy document which describes the 
project deliverables from a broad perspective. It does not provide any specific detail on control 
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requirements; this needed to be sought out by the intern. This process was greatly facilitated by 
the Motherwell staff who helped determine the relevance of all things considered. 
The control philosophy was originally written by a former employee of Motherwell and was based 
on various communications between Motherwell and the client. These communications were both 
verbal and via electronic mail. During the beginning of the project, these email threads were a 
primary source of information. Due to the relatively small size of the project, there was no formal 
functional description written. Such a document would have provided a more detailed layout of 
how the control system would specifically function. Without such a document, it became the task 
of the intern to obtain these details. This became a big part of the internship project, providing an 
opportunity for the intern to investigate these requirements. Though making it a more fulfilling 
experience, this was one of the reasons time was extended in the design process. 
The Teras Barge is a support vessel located at Barrow Island, adjacent to the construction site for 
the Gorgon Project. It should be noted that this island is in the Pilbara region of Western Australia 
which is prone to weather extremes. Cyclones batter the area in the summer (wet season) and 
temperature extremes must be considered. These extra considerations are explored further in 
section 4.4: Hardware and Equipment Procurement. 
The barge is used for the transportation and storage of water for construction purposes. The 
distribution of water from the barge onto the island is done via existing pipe work to two 
standpipes approximately 500m from the barge. Two pumps are available to supply the line 
pressure to allow flow from the barge storage tanks to the two standpipes. The primary pump is a 
high flow skid mounted assembly, powered by a Cat 9 diesel motor rated at 220kW. This pump will 
draw from the two main storage tanks on the barge (S2 and S3). The secondary pump is a 
submersible pump, rated at 20kW, which operates as a backup option should the primary pump 
fail. The secondary pump will draw water from one main backup tank (S7) and two other 
emergency storage tanks (P2 and P3). See Appendix A: Barge Deck and Pump Placement for an 
illustration of the barge deck and the placement of these pumps relative to the water storage 
tanks. These tanks on the barge are for fresh water storage. Although the barge has other tanks 
for use in its ballasting procedure, this is not considered within the scope of this project. 
At present, the pumping system is operated manually by construction personnel. These workers 
open the control valve at the chosen standpipe and then start/stop the active pump to get flow at 
the standpipes; see Appendix B: Piping and Instrumentation Diagram to view the overall physical 
Engineering Internship  Motherwell Automation 
Final Report  Teras Barge Pumping System 
 
11 | P a g e  
 
layout of this equipment. It is proposed that this process be fully automated with control of all 
possible parameters for switching and de-energising either pump. The controller itself will be 
situated within a suitable enclosure on the barge deck: This location is shown in the Appendix A 
diagram for illustration purposes only. (Motherwell Automation 2011) 
3.3 DESIGN REQUIREMENTS 
The following outlines in greater detail the work prepared for the client, focussing more on how 
the various conclusions were made. This work represents the most adequate solution to the 
client’s requirements. Different modes of operation, various schematics and specifications are all 
covered. 
3.3.1 EXISTING PIPING AND INSTRUMENTATION LAYOUT  
The larger body of activity on Barrow Island is a collaborative effort between many companies 
contracted and subcontracted for construction on the Gorgon Project. Since this water supply 
procedure is already active in a fully manual configuration, and being operated by construction 
personnel, early consideration for the project was related to the pre-existing hardware. The 
existing pipe work and instrumentation have come from different sources, yet are all used 
cooperatively for this current purpose. Due to the scale of the Gorgon operation, many hardware 
and equipment items are pre-specified as being deemed suitable for use on site. Therefore many 
items are readily available and easily sourced from current operations and onsite warehousing. 
Although the specifics of this equipment are outside of the scope of the internship project, brief 
consideration is still given. 
Table 6 shows the list of the pre-existing hardware and equipment, while the schematic provided 
in Appendix B: Piping and Instrumentation Diagram, diagrammatically shows how this hardware is 
arranged. The internship project’s scope instead covers the control hardware and system to be 
added for automation purposes. This hardware is covered specifically in a later sub-section of the 
design requirements. Of the control hardware, the pressure transmitter was pre-specified and 
supplied by the client. The new automation elements are highlighted in the diagram. 
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TABLE 6: PRE-EXISTING HARDWARE AND EQUIPMENT 
Name Qty. Description/Purpose 
Hi Flow Pump 1 Primary pump (duty cycle): Allight – HL130M-IT, diesel motor driven, 
hi flow centrifugal pump, 90L/s (max @ 100m head), 220kW, skid 
mounted 
Submersible Pump 1 Secondary pump: Grindex – Matador, electrical submersible drainage 
pump, 90L/s (max @ 5m head), 18kW 
Genset 1 Deck mounted, generates electricity for submersible pump 
Pressure 
Transmitter 
1 Endress + Hauser – Cerebar S Pressure Transmitter 
Standpipe 2 Final outlet of water supply, empties into water tanker 
Gate Valve 4 Provide manual interlock to enable/isolate pumps 
Manual Valve 2 Situated at standpipe, controls flow out of standpipe 
Flange Fittings  Main connections between valves and pipes/hoses 
Bauer Fittings 2 To allow water barges to empty direct to standpipe 
Camlock Fitting 1 Rapid connect/disconnect from Hi Flow Pump 
Various lengths of 
pipe and hose 
 As required to connect all pieces of equipment and transfer water 
from barge to island 
 
3.3.2 SPECIFIED SYSTEM PARAMETERS 
Process Setpoint 
As specified in the control philosophy and early email correspondence, the nominal range of 
pressure that this system would operate within is 100-150kPa. This range was defined by the 
client, and is taken to correlate with an appropriate flow rate. These exact pressure readings have 
ultimately framed the process control code that maintains this system’s line pressure, and hence 
the flow rate at the standpipes. Detail on how this pressure range is managed by the controller 
program code can be found in the following chapter. 
System Power 
Due to the remote location of the installation, the control system was specified to be powered by 
solar energy. This would involve a 24 V solar power kit, including photo voltaic solar panels, a 
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regulator and battery. Detail on the specific hardware used is given in the following chapter, 
through a discussion on why the various elements were chosen.  
Duty Cycle 
In considering a smooth control action, it was determined that the primary pump will be active for 
approximately 80% of the day, 24 hours a day, 7 days per week, with fill times of 15-20 minutes 
per truck. 
Distance 
The standpipes are approximately 500m from the barge. With the control enclosure mounted on 
the barge, it will not be directly visible from the standpipes. A flashing warning beacon will be 
mounted on top of the control enclosure to alert for system faults. 
3.3.3 QUOTED HARDWARE 
Most of the required project hardware and equipment was specified in the original quotation and 
subsequent purchase orders exchanged between Motherwell and the client. However, there were 
some items that were only partially listed (without full detail). For all items listed in the original 
documentation, prices were assigned. Yet without a full list of components needed for the project, 
the extra items had to be added to the quote but not affect the quoted price. It became a task for 
the intern to repopulate this hardware list with appropriate items that would also remain within 
the listed price constraints. The following chapter’s section on hardware procurement offers more 
detail on the process and rationale behind this task. Table 7 below lists the most relevant pre-
specified hardware used on this project, most of which needed further investigation. 
TABLE 7: QUOTED HARDWARE 
Quoted Hardware Notes 
IMO i3 Intelligent Control Station  
Enclosure with custom sun hood Alternate enclosure/sunhood used 
Pole mounting bracket Not used 
Mounting Pole No source listed 
Solar kit (solar panels, pole mount, battery, 
charger/regulator) 
No sources listed 
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3.3.4 BASIC OPERATION 
Defining the ‘active pump’ from the two available pumps is the first consideration for the 
operator. This can be done physically via switches on the front of the control enclosure, or via the 
IMO i3 Controller menu structures. 
The control system centres on monitoring the line pressure. The operational objective was to 
allow for construction personnel to open the valve at their chosen standpipe to fill their tanker 
truck, the line pressure drops below a certain ‘low level’, the controller would initiate a command 
to start the ‘active pump’ switched via an interposing relay. This will build the line pressure 
allowing reasonable flow through the system and finally out of the open standpipe(s). The system 
should be able to supply enough pressure to have reasonable flow from both standpipes 
simultaneously. As the pressure builds naturally due to a lack of water flow or after the operator 
has closed the valve at the standpipe, the line pressure reaches a ‘high level’ and the controller 
will shut off the pump. 
Included in the original scope was the provision for fault status indication on the controller screen 
coming from the pumps. Since there was no communications link between the controller and the 
pump and the price to necessity ratio was deemed excessive, this feature was abandoned. 
In the case that the primary water chambers run empty or the primary pump motor runs out of 
diesel and shuts down, the secondary pump would need to be implemented. Once secondary 
pump is located in a full tank (S7, P2 or P3) then it could be switched on to supply pressure to the 
system. A certain degree of physical positioning is required to move the secondary pump into 
position or to any other tank. This takes a considerable amount of time as it is done manually, and 
the water supply would be disabled for the duration of this swap over. The secondary pump would 
then be the active/online pump until the main chambers (S2 and S3) have been refilled and/or the 
primary pump has been restarted. The secondary pump would then pump from chamber S7 where 
it would be normally setup on standby. If required it could be moved to two further tanks P2 and 
P3 which would be kept filled for emergencies. 
3.3.5 AUTOMATIC MODE 
In full automatic mode, the controller will essentially handle the switching of the active pump for 
the operator. This would, in the simplest of terms, automate the current water supply system. The 
controller has simple logic to know when the pump should be ON and OFF and so handles the 
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decision and actuation processes for the operator. The Program Code section in the following 
chapter outlines precisely how the controller does this job. It is up to the operator to choose, via 
the controller, which pump will be active. 
3.3.6 MANUAL MODE 
As specified by the client, either pump needed to be manually switchable in the event that the 
controller should fail. This can be done by putting the system into manual mode with the rotary 
switch on the front door of the control enclosure. This switch effectively bypasses the controller 
without interrupting it and then allows the remaining switches on the front panel to operate the 
equipment. At this point the operator can choose which pump to run and when to switch them ON 
or OFF. 
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4 EXECUTION 
This chapter delves into further detail on how the various tasks were completed, detailing the 
most significant activities of the internship. The first part looks into the process of getting familiar 
with the new work surroundings. This is followed by a look at the particular PLC used in this 
project which leads directly into the development of the program code to run this device. The 
hardware procurement process then follows which covers all unspecified items that were sourced 
for this project. Sections on the physical build and installation then conclude this chapter. 
4.1 FAMILIARISATION 
An integral part of any new work placement is the settling in period. It is standard business 
practice for companies to offer a probationary period to new employees. The situation with the 
internship is that the placement is as long in time as most probationary periods. Indeed it may 
even take the full length of time for a new worker, student or otherwise, to become comfortable 
enough with their new work surroundings – to the point where they can be fully productive. This 
following section explores the process undertaken by the intern to ensure a smooth transition into 
the company’s work environment. 
It certainly helped that the Motherwell staff were exceedingly welcoming. In a productive culture 
such as theirs, it makes a big difference to the acclimatisation process. In this regard the staff were 
pivotal in assisting the intern in deciphering the exact project scope and with what work to 
continue. The task was to piece together all the material in the current project folder and with 
help from Motherwell staff and through continued correspondence with the client contact, the 
project focus solidified and the work continued. The main idea was to build up what the project 
should and should not include. From early on in the internship placement, it was discussed that 
the internship workload should include more than the client’s requirements. This would function 
as a deeper exploration of engineering practice. 
Since the project was of a relatively small size, the full documentation requirements were not 
followed. This was beyond the control of the intern. This presented as a hurdle to overcome, 
which developed into an opportunity. The unusual approach to the project allowed for a unique 
investigation into engineering practice. 
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4.2 IMO I3 CONTROLLER 
The particular controller used in the project was a basis for analysis throughout the internship 
project. An example unit was sourced early on in the placement which allowed for thorough 
investigation of the device and its functionality. The IMO i3 Controller was the chosen PLC device: 
Figure 1. 
 
FIGURE 1: IMO I3 CONTROLLER 
This particular device was pre-specified in the quotation provided. The device suits the project as it 
has enough functionality to meet the requirements without being underutilised. It became an 
objective of the project to explore the full functionality of this device as a matter of interest. Since 
the project requirements were not going to stretch the capabilities of the device, this was noted as 
an investigation to add depth to the internship itself. See Table 8 for a summary of the controller’s 
functionality. 
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TABLE 8: SUMMARY OF IMO I3 CONTROLLER FEATURES 
IMO i3 Controller Notes 
PLC Programmable logic controller 
Integrated HMI Inbuilt touch-screen panel 
PID control Proportional Integral Derivative control  
12 DI Digital inputs 
6 RO Relay outputs 
4 AI  Analog inputs 
2 comms ports Serial communications for programming/networking 
4 HSC High speed counter inputs 
iCAN  Industrial networking protocol, for use with multiple IMO devices 
µSD Micro SD flash memory card, to hold memory without device power 
 
4.3 PROGRAM CODE 
A programmable controller is only as good as the program code within it. The code was developed 
and tested thoroughly with the particular controller through a variety of bench tests. A variable 
current source was used to simulate the Analogue signal that would come from the field device in 
practice. The following section covers the new software environment used to program the 
controller. An interesting feature provided by this particular controller, is its HMI touch screen 
integration. And finally the program architecture designed and implemented as the final code. 
4.3.1 SOFTWARE ENVIRONMENT 
The IMO i3 Controller is programmed with its own proprietary software package called i3 
Configurator. This new programming environment has its own collection of nuances to separate it 
from the rest. There is common functionality in most software environments yet there are almost 
always different methods of accessing said functionality. The main feature that stands this 
software/device out from the rest is the integration of display outputs. This is the main way that 
the controller handles the integration of HMI screens into its LAD code. The following describes in 
more detail how this is done.  
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HMI Screen Integration 
As can be seen in Figure 2 below, the HMI screens fit into the LAD code. The way they are so 
seamlessly integrated into the code is by use of the Display Outputs. Each rung of this code is 
established conventionally, with inputs on the left, and outputs on the right. Except the coil 
contacts are replaced with display screens. So when a particular rung becomes live, as its 
necessary inputs have been triggered, then the program will move into the specified screen. 
 
FIGURE 2: USE OF ‘DISPLAY OUTPUTS’ TO INCORPORATE HMI SCREENS INTO LAD CODE 
This screen will then be displayed on the physical HMI panel; an example of which can be seen in 
Figure 3, where the Main Screen is displayed. When any screen is built up for use in the program, 
it must be configured appropriately to show all necessary inputs and outputs. These I/O will trigger 
events in the code as per usual. The only difference is that they are routed though the screen 
items. For instance the ‘START’ button on the Main Screen below is wired to memory bit %M0011. 
So whenever the ‘START’ button is pushed on the touch screen, this memory bit is set high and 
becomes TRUE. See Appendix D: IMO Memory Allocation for the full allocation of device memory. 
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FIGURE 3: HMI MAIN SCREEN 
The Main Screen is the most active of all screens in the designed program code. Refer below to 
Table 9 for a summary of each item on this particular screen. The following section goes into 
greater detail regarding the full program architecture. 
TABLE 9: HMI MAIN SCREEN ITEMS 
Main Screen Item Description 
‘Active Pump’ indicator Displays a cross for chosen active pump; primary (P) or 
secondary (S) 
‘Sequence Active’ radio button Radio button full/black when system is in Automatic mode 
and running 
‘Pump Running’ radio button Radio button full/black when sequence active and active 
pump is running (not an input signal from pump) 
‘Line Pressure’ numerical display Scaled reading from field device to display pressure reading, 
units in kPa 
‘START’ button Puts controller into sequence active 
‘STOP’ button Takes controller out of sequence active 
‘Pump Swap’ button Initiates pump swap sequence to change active pump 
System Function keys Physical pushbuttons on lower edge of HMI border 
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4.3.2 PROGRAM ARCHITECTURE 
From the very beginning, a design was envisioned for a highly sophisticated control scheme that 
would offer ‘smooth’ hardware automation. Since no specifics were given on how the control 
system would manipulate the hardware, determining this became an ideal task for the intern. 
Different ideas were presented to the client in promotion of this vision yet they were nullified for 
the broad requirement of simplicity. Many options for process improvement came of these early 
design attempts, detail of which can be found in the conclusion under process improvements. 
With simplicity being the main focus, the following was derived: See Appendix C: Logic Flow 
Diagram for a diagrammatic representation of the program architecture. As can be seen from the 
PFD, the program leads down a clear one-way path to the main screen. On its way there it goes 
through the Pump Select screen, where the user chooses either the primary or secondary pump. 
This choice is recorded in an internal register, saved for later reference. From the Main Screen 
there are four main options that can unfold. The first is the normal operation where the pump 
sequence will be activated and the controller will proceed to run the pumps, based on the 
pressure readings from the main water line. During this process, the user will stay on the Main 
Screen as this is the normal mode of operation. The three other options will involve new screens 
used to guide the user. There are two main interrupts that will immediately shut off the active 
pump and bring up an interrupt screen as an alarm. The beacon on the top of the enclosure will 
also flash to warn of the alarm. This can be triggered by one of two ways:  
 Pressure transmitter signal out of range (signal moves between 1-4mA, or above 20mA) 
 Pressure transmitter signal lost (signal drops below 1mA) 
Each of these above situations has its own unique interrupt screen to explain the error and offer a 
solution. Only after the error has been rectified and the alarm acknowledged will the user be 
directed out of the interrupt screen and back to the Pump Select Screen. This exit procedure is the 
same for both error situations. It must be noted that the full program code cannot be shown in 
this report due to intellectual property law. However, these alarm parameters can be manipulated 
within the program code to alter the behaviour of the interrupts. 
Although from the very beginning there was a desire to smooth out the control action, there is no 
facility for variable pump control as the pump is not VSD driven. The motivation for this came from 
the current control action, and particularly since the system will be active for most of the day and 
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working in a rough ‘bang-bang’ approach with the pump oscillating from ON-full-power to OFF-
full-power. Since it is the pump that is acting as the manipulated variable (MV) in this process, it 
became clear that nothing could be done to improve the control action without modifying the 
system. Therefore the code was written to only handle this on-off action. 
Many other concepts that were developed through early revisions of the code did not make it to 
the final version. The program was getting too complex with many options and screens being 
used. Since the device is physically small and only intended to be used on small scale application as 
it is in this instance, simplicity was the main driver. For example, there was a trend screen that was 
removed from an early version of the code. The screen would show the line pressure over time. 
This is an example of something that was built in while experimenting with the controller’s 
functionality, and later removed to avoid unnecessary functionality and complexity. 
See below in Figure 4 for an example of the LAD code in the i3 Configurator software. This 
particular section of code shows where the Pump Sequence is activated. How this leads to the on-
off action of the active pump is also visible, from the comparator function blocks. This figure 
shows an example of the code and programming environment. 
 
FIGURE 4: LOGIC TO START PUMPING SEQUENCE AND TOGGLE ‘ACTIVE PUMP’ 
4.4 HARDWARE AND EQUIPMENT PROCUREMENT 
This section offers detail on the various components required for this build that were not already 
specified on the original quote or supporting documentation. It was a task for the intern to source 
all of the following equipment, all while staying under the quoted and accepted price for the 
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project. This task was facilitated greatly by Motherwell staff, in consultation with the client and 
many local and international industrial hardware suppliers. 
Most of the hardware specified below is chosen to withstand particular conditions due to the 
location of this installation; this is due to either the remoteness of the installation, exposure to 
marine environments or the geographical location. The particularly harsh weather conditions of 
this region involve tropical cyclones and temperature extremes. 
4.4.1 ENCLOSURE 
Since the controller and associated switching equipment is to be installed on the barge itself, an 
enclosure was chosen to suit this location. It was specified from the beginning of the project that 
the enclosure be made of stainless steel to cope with the high salinity and moisture environment 
of the barge deck. It was also initially specified that the enclosure be rated to IP65. This refers to 
the standard for Ingress Protection which defines how well an object will withstand entry from 
various objects. At this relatively high level of protection, the enclosure will be ‘dust tight’ and able 
to withstand ‘water jets’. This is quite suitable when considering the weather in the region where 
this system will be installed. The Pilbara is highly susceptible to cyclones during its wet season. 
Motherwell has good ties with particular suppliers of industrial cabinets for these exact purposes. 
After meeting with a company representative of a particular supplier, a specific enclosure meeting 
the right specifications was chosen and ordered. 
4.4.2 CUSTOM SUNHOOD 
Another consideration linked to the climate of the region was to purchase a ‘sunhood’ for the 
enclosure. This was a custom made optional extra provided by the manufacturer of the enclosure 
itself. The sunhood is designed and manufactured to protect the enclosure, not personnel who are 
operating the control panel. See Figure 5 for the CAD drawing of the sunhood (measurements in 
millimetres). The tight fitting design of the sunhood is also in line with cyclone rated equipment. 
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FIGURE 5: CAD DRAWING OF CUSTOM SUNHOOD 
4.4.3 SOLAR PANELS 
Due to the remote location of this installation, it was devised that the control system be solar 
powered in a completely self-sufficient manner. There is no access to mains power on the barge, 
so it was decided that the control system be installed with solar panels with all the required 
equipment to regulate the power and maintain charge overnight. 
The recommended outcome was to choose two 3W solar panels, at 12V each. These would be 
connected in series to power the system at 24V. These would also provide enough power to 
charge the battery (specified below). 
4.4.4 MOUNTING POLE FOR ENCLOSURE 
As the enclosure was to be mounted on the barge with the solar panels, a provision for a mounting 
pole was included from the beginning. This pole however had to be custom made as well to handle 
the load of all the weight, and particularly with solar panels mounted at the top of the pole in a 
potentially wind catching manner. The pole design had to be approved and signed off by a 
mechanical engineer since it needed to carry the top cyclone rating to be installed out at sea off 
the Pilbara coast. Once the pole was built it was then galvanized to handle the marine conditions. 
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4.4.5 CUSTOM POLE MOUNTING ASSEMBLY FOR SOLAR PANELS 
Two solar panels were to be mounted at the top of the pole. Yet the panel provider did not supply 
a pole mounting solution to suit our panel orientation needs. Therefore a custom mount was 
designed with a spigot to attach itself to the main pole. This too had to be galvanized to handle the 
marine locale. (Standards Australia Limited 2011) 
4.4.6 BATTERY 
The battery choice was guided by several factors, the first being the most important. For the 
enclosure to maintain its IP65 rating, it cannot allow any ventilation of any kind. This meant that a 
sealed battery needed to be used since it was desirable to contain all equipment in the one 
cabinet. The second factor motivating the particular battery choice was the specific site 
requirements. It was determined that a particular make and model of sealed battery was already 
accepted for use on this site. The chosen battery is a Lithium Iron Phosphate battery. A high 
capacity per size unit (BMI 2011), that functions fully sealed. 
Choosing the capacity of battery became an exercise in optimisation, to find the highest amperage 
unit that was still able to fit in an appropriate cabinet. A 30Ah battery was ultimately chosen over 
a 15Ah version after a bigger cabinet was found that could fit all componentry while remaining 
within the pre-specified quotation price. The larger battery was effectively double the price of the 
smaller one: but so is its capacity. The rationale for choosing the larger capacity battery 
surrounded the geographical considerations. Due to the high likelihood of a cyclone blotting out 
the sun for an extended period of time, a battery was needed that would be able to maintain 
power to the system for days at a time without recharge. The system is relatively low powered so 
the chosen battery was sufficient, as detailed in the following calculations. 
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Observe the following calculations to verify the power requirements of the system 
Notes: 
 24 Volt solar array 
 System power requirements: 260mA, at 24 V, running 24 hours/7 days 
To calculate power draw: 
 0.26A * 29V (charge voltage of battery) = 7.54W 
 7.54W * 24 hrs running = 180.96W 
 180.96W * 1.5 (scaling factor to cover voltage drop over cable) = 271.44W 
 271.44W / 5 (minimum daily sunlight hours) = 54.29W 
 Specified: 2 * 30W solar panels  
To calculate battery requirement: 
 0.26A * 24 hrs running = 6.24A 
 6.24 * 4 (days of backup power managed with no sun for solar charge) = 24.96 A 
 Specified: 30A battery bank 
4.4.7 CHARGER/REGULATOR 
A suitable charger proved difficult to source for the unique battery chosen. Ultimately the battery 
supplier we used suggested a local company working on solar regulators specifically built for use 
with these batteries. Due to the unique chemistry of these batteries, a specific power curve needs 
to be taken into account to optimise charge cycle. The sourced regulator is modified at the factory 
to deliver this precise output to satisfy the batteries charging requirements. The regulator is also 
fitted with smart features that allow it to output status information and diagnostics on the system 
it is powering. This was outside of the scope for the project and therefore not implemented in the 
project. 
4.5 PHYSICAL BUILD 
The physical build was one of the standout experiences of the project. Time was spent in the 
Motherwell workshop which brought in the relevance of physical aspects of this work. Much 
guidance was received at this point from the Motherwell staff, mainly in terms of the specifics of 
build etiquette. 
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Three CAD drawings were prepared by the intern in preparation for the physical build. These are 
listed in Appendices E.1 through E.3. These final drawings reflect the as-built status of the project. 
See Figure 6 below for a photo of the completed enclosure. Note the following equipment: 
 Black/blue regulator in the top-left corner 
 IMO i3 Controller (with blue protective film on screen) 
 Interposing relays at top-right corner 
 Provision for field wiring at lower terminal strips (see Appendix E.3: Termination Schedule) 
 Battery 
 Manual switches mounted on panel door 
 
FIGURE 6: COMPLETED CONTROL PANEL 
4.6 INSTALLATION 
It was discussed during the early stages of the project that the intern would potentially travel to 
Barrow Island to oversee the installation and commissioning of this control system. The site 
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installation would happen over several days. The intern would travel with one or two other 
Motherwell staff to assist with and witness the installation process. 
This of course would have been a great experience tying in remarkably well with the internship 
goals. However, at the completion of the internship placement, the project is still not fully 
complete. The section on unfinished items details the remaining matters that require attention 
before this project can be closed off. 
Due to the delay in the project and the lengthy requirements for medical testing and inductions (3-
4 weeks processing), it was decided that the intern would not accompany the commissioning team 
to site. The physical installation will be completed after the internship placement and the 
publishing of this report. 
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5 CONCLUSION 
This chapter serves as an overall assessment of the information provided in the main material. A 
summary follows directly below to reiterate the main findings. There are two unfinished items that 
are then noted here. A section on suggested process improvements is then given to outline where 
else this project could be further developed. The final evaluation then completes the analysis by 
returning back to the initial goals. 
5.1 SUMMARY 
The background section of this project report offered a contextual base on which to develop the 
subsequent analysis provided. It detailed the goals of the internship placement overall and the 
more personal ambitions of the intern. This was followed up by an introduction into Motherwell as 
a company which explained the level of industrial exposure experienced by the intern. From here 
the project derivation was established.  
The project description took off once the derivation was clear. This offered more detail on the 
project scope, divulging precisely what was to be included in the project and offering rationale for 
all inclusions and omissions. The design requirements followed which outlined the derived project 
deliverables in full detail, as determined in consultation with Motherwell staff and the client 
representatives. 
Executing the project then followed and this chapter explored how each of the above deliverables 
was actioned. There was an early consideration for the settling in period associated with any new 
job placement, but with a perspective slant attributable to the uniqueness of the internship 
placement. The particular controller used was the IMO i3 Controller, and this device was explored 
as a main focal point for analysis throughout the internship placement. The program code was 
developed through exploring this controller and its functionality, also in consultation with the 
various support staff. The associated equipment required in the project was also investigated: 
Namely through the task of investigating the various componentry that was pre-quoted for, and 
lacking appropriate detail to locate. The physical build involving this equipment was also viewed 
and noted as one of the highlights of the experience.  
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5.2 UNFINISHED ITEMS 
Since the project took longer than expected to complete, items now remain to be completed after 
the internship placement has been finalised. There are two main items still requiring to be 
addressed for this project to be finally completed. The first is the FAT process. At present, 
Motherwell is awaiting for a client representative to become available to visit the Motherwell 
premises for this testing to be conducted.  
The full apparatus is complete and ready to be transported up to its installation site. As soon as 
the FAT procedure is complete and signed off on, the installation will begin. This is the final phase 
of the project. Motherwell staff have been processed by the client for site inductions and medical 
assessments in preparation for their site visit to administer the installation and commissioning 
activities. 
5.3 PROCESS IMPROVEMENT 
In consultation with Motherwell staff, it became an early objective of the internship placement to 
investigate beyond the defined project scope. This further investigation (than would normally be 
necessary for an equivalent project) added more depth to the overall internship experience and 
identified several items for further consideration. These items are classified here as future 
recommendations. It must be noted however that the final realised project is built to an optimum 
standard. Much work went into defining precisely what needed to be included and omitted from 
the final design. Many of the following points were raised with Motherwell staff and client 
representatives, yet each was nullified for the overall objective of simplicity. Therefore the 
following items are offered for consideration only, as they would drastically alter the scope and 
intention of the current project. They are also broken into two main categories; those relating to 
communications with the pumps and those relating functionality of the control hardware in the 
enclosure. 
5.3.1 COMMUNICATIONS TO PUMPS 
Level Detection in Supply tanks 
There is currently no early warning for the water supply tanks running dry. In the event that this 
happens, the primary pump will automatically shut itself off with its own automatic detection 
system. However, the controller will be ‘unaware’ of any issues until the pressure eventually drops 
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and its existing interrupts are triggered. At present, this is exactly what happens with the system. 
The pump is rugged enough to handle the workload, therefore any more provision to secure its 
operation is deemed unnecessary. 
Status Information from Pumps 
There is a bigger issue limiting the previous point which is the lack of any communication to the 
pumps. It was one of the project deliverables originally specified by the client, to include status 
information from the pump displayable on the controller screen. This of course cannot be realised 
without a data link between the controller device and the pump. At present, the controller 
interfaces with the pump via interposing relays, used simply to switch a power signal. The only 
feedback received by the controller is inferred by internal timing logic, whereby the controller 
‘assumes’ after a period of time, if no changing pressure is registered, that the pump in not active. 
Sophisticated Control of Pumps 
Another consideration in support of a communications link between the controller and pump is 
the argument for more sophisticated control. The pumps run for approximately 80% of the day, 
with tanker filling times of 15-20 minutes. The pumps operate in a ‘bang-bang’ style which 
switches abruptly between its two states, being ON and OFF. Such repeated action is unnecessarily 
strenuous on all related equipment. The simplest of proportional controllers would provide an 
alternative that would be easy to implement, with considerable benefits included. This would 
involve the use of extra equipment to interface with the pump. For example, a VSD could be used 
to continuously manipulate the pump output. This could be implemented in a ‘smooth’ manner so 
that the system pressure would remain more constant, as opposed to fluctuating between 100 
and 150kPa as designed. 
5.3.2 ENCLOSURE HARDWARE 
GSM Communications with IMO i3 Controller 
The IMO i3 Controller is capable of GSM communications with an optional extra GSM modem. This 
could be configured to send a pre-programmed SMS alert message to a designated mobile device. 
This could be used for system faults, where relevant personnel are warned the instant something 
goes wrong. Although this represents highly sophisticated operations, it comes at a higher cost, 
and although interesting is certainly well beyond the scope of this project. 
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Communications with Charger/Regulator 
The particular charger/regulator device chosen to work specifically with the battery comes with 
some fairly sophisticated communication tools. It is able to provide diagnostic information on the 
solar panels and the system it is powering; along with various control functions for different 
charging and power requirements. The extra cabling from this functionality is terminated within 
the cabinet for potential future use. The particular functionality was not explored for use in this 
installation since it was beyond the original scope. 
5.4 EVALUATION 
In order to appropriately judge the value of the internship experience and the work undertaken 
therein, the following revisits the objectives set out in the goals section to see how they have been 
approached and accomplished. 
The first internship objective was to undertake work experience under the direction of a person 
experienced in the workplace. All of the staff encountered at Motherwell were more than 
qualified to fulfil this criteria. Indeed the people that were involved with the project were 
absolutely pivotal to the success of the project. 
The next objective was to gain practical experience in the application of engineering style problem 
solving. This was certainly experienced as many items that arose through the natural progression 
of the project required reasonable analytical thought to resolve. It was certainly these surprising 
issues that were more interesting than the expected and planned analysis. 
The presentation of results and findings is integral to the overall experience and this makes up the 
final objective of the internship. It is of top importance to be able to succinctly express ideas and 
analysis in a field as technical as engineering. 
The duality of the project scope was a noteworthy experience in the internship. One set of defined 
requirements and deliverables for the client and another approach to further investigate any items 
of interest that might present along the way. This approach to the project allowed for a thorough 
absorption of the activities undertaken completing this assignment, while drawing relevance from 
each step of the way. Although the project did take longer than expected, this was not a hindrance 
to the overall experience. Although the physical project is not fully complete, the internship is 
deemed a success. 
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An internship placement at Motherwell is ideal for an engineering student for many reasons. The 
connection is especially relevant for one studying an Industrial Computer Systems Engineering 
major. But the breadth of potential exposure to industry is the most significant benefit. It has been 
a privilege to enjoy sampling the engineering-style problem solving at this company, and especially 
in comparison to the interns previous experience of different problem solving styles. It all adds to 
a solid foundation for a career in engineering. 
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7 APPENDICES 
The following lists all appendices of this document.  
Appendix A: Barge Deck and Pump Placement 
Appendix B: Piping and Instrumentation Diagram 
Appendix C: Logic Flow Diagram 
Appendix D: IMO Memory Allocation 
Appendix E: Control System CAD Drawings 
 Appendix E.1: General Arrangement 
 Appendix E.2: Schematic 
 Appendix E.3: Termination Schedule 
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7.1 APPENDIX A: BARGE DECK AND PUMP PLACEMENT 
NB: No consideration was given to the barge’s ballasting procedure; it was outside the scope of this project. 
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7.2 APPENDIX B: PIPING AND INSTRUMENTATION DIAGRAM 
 
NB: Diagram not to scale, item locations shown for illustration purposes only. 
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7.3 APPENDIX C: LOGIC FLOW DIAGRAM 
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7.4 APPENDIX D: IMO MEMORY ALLOCATION 
 
IMO i3 Memory Allocation Table 
 
Teras Barge Pump System 
    
Type I/O Point 
Bit 
Type Name 
Analog Input %AI001 16 Field_Pressure 
    Digital Output %Q0001 1 Pump1_Relay 
 
%Q0002 1 Pump2_Relay 
 
%Q0003 1 Warning_Beacon 
    Screens %D0001 1 Welcome_Screen 
 
%D0002 1 Pump_Select_Screen 
 
%D0003 1 Main_Screen 
 
%D0004 1 Pump_Swap_Screen 
 
%D0005 1 PT_RangeError_Screen 
 
%D0006 1 PT_NoSignal_Screen 
    Registers %R0001 16 Active_Pump 
 
%R0001.1 1 Active_Pump_Ref 
 
%R0002 16 Field_Pressure_Scaled 
 
%R0003 16 Field_Pressure_Display 
    Timers %T0001 16 Beacon_Pulse_Timer 
    Memory %M0001 1 
 
 
%M0002 1 Begin_Button 
 
%M0003 1 Memory_Clear 
 
%M0004 1 
 
 
%M0005 1 
 
 
%M0006 1 Continue_Button 
 
%M0007 1 Sequence_Active 
 
%M0008 1 Pump1_Sequence 
 
%M0009 1 Pump2_Sequence 
 
%M0010 1 Pump_Active 
 
%M0011 1 Start_Button 
 
%M0012 1 Stop_Button 
 
%M0013 1 Primary_Pump_Active 
 
%M0014 1 Secondary_Pump_Active 
 
%M0015 1 Active_Pump_Power 
 
%M0016 1 PS_Jump_In 
 
%M0017 1 Pump_Swap_Acknowledge 
 
%M0018 1 PS_Jump_Out 
 
%M0019 1 Swap_Trigger 
 
%M0020 1 
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%M0021 1 
 
 
%M0022 1 Beacon_Trigger1 
 
%M0023 1 Beacon_Trigger2 
 
%M0024 1 Pump1_Pumping 
 
%M0025 1 Pump2_Pumping 
 
%M0026 1 PT_NoSignal 
 
%M0027 1 PT_Low_Signal 
 
%M0028 1 PT_High_Signal 
 
%M0029 1 PT_RangeError 
 
%M0030 1 NoSignal_Warning_Acknowledge 
 
%M0031 1 NoSignal_Warning 
 
%M0032 1 PT_RangeError_Warning 
 
%M0033 1 PTError_Acknowledge 
 
%M0034 1 Beacon_Interrupt 
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7.5 APPENDIX E: CONTROL SYSTEM CAD DRAWINGS 
7.5.1 APPENDIX E.1: GENERAL ARRANGEMENT 
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7.5.2 APPENDIX E.2: SCHEMATIC 
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7.5.3 APPENDIX E.3: TERMINATION SCHEDULE 
 
 
